therapy had been the gold standard H. pylori eradication regimen during the previous years. But the increasing resistance to antibiotics, especially to clarithromycin, has lowered the efficacy of the mentioned therapy to less than 80% in many countries. 4 Therefore, many investigators have attempted to introduce regimens with higher efficacy for H. pylori eradication.
Hybrid regimen is a novel H. pylori eradication strategy consisted of a proton pump inhibitor (PPI) plus amoxicillin during the first half of therapy, followed by a concomitant administration of a PPI plus amoxicillin, clarithromycin, and metronidazole or tinidazole. The regimen can be given in 10-or 14-day protocols. 5 This strategy has shown ideal eradication rates in recent studies. [6] [7] [8] [9] Concomitant therapy is another novel regimen consisted of concomitant administration of a PPI plus amoxicillin, clarithromycin, and metronidazole for 10 to 14 days. Several studies have shown more than 90% per-protocol H. pylori eradication rates by concomitant therapy. [10] [11] [12] Studies comparing concomitant regimen with hybrid therapy mostly have achieved acceptable H. pylori eradication rates by both regimens. These studies have mostly compared regimens with the same duration of therapy. However, in the concomitant therapy, a higher number of tablets are administered when compared with hybrid therapy with the same duration of treatment. This can lead to more frequent adverse effects by the concomitant therapy and a higher cost.
Up to now, no study has evaluated the efficacy of concomitant regimen for H. pylori eradication in Iran. Iran is a country with high clarithromycin resistance rate. Studies performed in countries with the same pattern of claritromycin resistance have shown acceptable H. pylori eradication rates by both 10-day and 14-day concomitant regimens. [13] [14] [15] Furthermore, treatment duration of at least 7 days is recommended for the success of concomitant therapy. 16, 17 Therefore, we designed a study to compare the efficacy of 10-day concomitant therapy with 14-day hybrid regimen for H. pylori eradication in Iran. Although these two regimens have different durations, they have almost the same number of tablets (120 vs. 126, respectively).
MATERIALS AnD METHODS
252 patients with peptic ulcer disease or erosive gastro/duodenopathy entered the study. They all had naïve H. pylori infection, confirmed by antral biopsy (Giemsa staining) and rapid urease test. They were randomly divided into 2 groups to receive either hybrid regimen (pantoprazole 40 mg and amoxicillin 1 gr twice daily for 14 days, accompanied by clarithromycin 500 mg and metronidazole 500 mg twice daily just during the last 7 days) or concomitant regimen (pantoprazole 40 mg, amoxicillin 1 gr, clarithromycin 500 mg, and metronidazole 500 mg, all twice daily for 10 days).
The protocol was approved by the Ethics Committee of Mazandaran University of Medical Sciences and also, written informed consents were obtained from all patients.
The patients were advised to take all the prescribed drugs and were visited at the end of treatment to evaluate their compliance to treatment and side effects of therapy. They were also advised to call the physician in case of any severe adverse reaction.
Side effects of therapy were considered severe, if they abandoned daily activities, moderate if they partially interfered with daily activities, and mild if they were easily tolerable and did not interfere with daily activities.
Compliance to treatment was considered excellent if the patient took more than 90% of the medications, moderate if he/she took 70-90% of the prescribed drugs, and poor if the patient took less than 70% of medications.
Eight weeks after therapy, 14 C-urease breath test (Heliprobe Breath Card and Analyser, Kibion AB, Uppsala, Sweden) was performed to confirm H. pylori eradication.
Statistical analysis:
In Iran, H. pylori eradication rates achieved by 14-day hybrid regimen have been about 92%. On the other hand, no study has evaluated the effects of concomitant therapy on H. pylori eradication in Iran. In other countries, the eradication rates achieved by 14-day concomitant regimen have been about 86%. Therefore, we assumed to have about 9% difference between the 14-day hybrid and 10-day concomitant regimens in their ability to eradicate H. pylori.
Considering α=0.05% and β=0.2% and the equation the number of patients in each arm was calculated to be 96. But we assumed about 20% withdrawal rate, therefore, we included at least 120 patients in each arm. Eradication rate was evaluated according to intention to treat (ITT) and per-protocol (PP) analyses. In order to calculate ITT eradication rate, all patients who entered the study were evaluated. In order to calculate PP eradication rate, only patients who completed the entire protocol with more than 90% compliance to therapy entered the analysis. Data were analyzed using IBM SPSS software for windows (version 16; SPSS Inc., Chicago, IL, USA) and Pearson chi-square test, t test, and logistic regression analysis were used as appropriate. P values<0.05 were considered as statistically significant. The statistician was blind to the assignment of patients.
RESULTS
252 patients entered the study. 126 patients were assigned to each group. The mean ages of the patients were 45.3±12.9 years and 42.9±12.3 years in hybrid and concomitant groups, respectively (p=0.12). Other demographic characteristics were not statistically different between the two groups (table 1) .
245 patients completed the study. Three patients in hybrid group and four patients in concomitant group did not perform urea breath test. They had also interrupted therapy because of severe adverse effects.
Compliance to treatment was excellent in 122 patients (96.8%) of hybrid therapy group, while one patient (0.8%) had moderate, and three patients (2.4%) had poor compliance to therapy. In concomitant group, compliance to treatment was excellent in 119 patients (94.4%), moderate in three patients (2.4%), and poor in four patients (3.2%). The rates of compliance to treatment did not show significant difference between the two groups (p =0.55) 43 patients (34.1%) complained of side effects of therapy in hybrid group, but the adverse effects were severe only in five patients (4%). In concomitant group, 56 patients (44.4%) reported side effects, which were severe in 11 patients (8.7%). However, the rates of total side effects, as well as the rates of severe side effects were not statistically different between the two groups (p =0.12 and p =0.25, respectively) (table 2) .
According to ITT analysis, the eradication rates were 87.3% (95% confidence interval (CI) 81.4-93.1) and 80.9% (95% CI: 74-87.8) in hybrid and concomitant groups, respectively (p =0.38). PP eradication rates were 89.3% (95% CI: 83.8-94.7) and 83.1% (95% CI: 76.3-89.8), respectively (p = 0.19, figure 1 ).
DISCUSSIOn
According to the results of the present study, 14-day hybrid therapy could achieve 87.3% and 89.3% H. pylori 18 According to Graham's classification, the efficacy of H. pylori eradication regimens are considered as A: excellent (>95% PP eradication rate), B: good (90-95%), C: fair (85-89%), D: poor (81-84%), and F: unacceptable (≤80% PP eradication rate).
18 Therefore, in our study, hybrid and concomitant regimens are classified as fair (C) and poor (D) regimens, respectively. However, the eradication rate achieved by hybrid therapy was nearly good (89.3%).
The rate of side effects is also an important issue. In our study, the incidence rates of adverse effects of therapy were 34.1% and 44.4% in hybrid and concomitant groups, respectively. However, they were mostly mild and the rates of severe adverse effects were 4% and 8.7%, respectively. Accordingly, 14-day hybrid regimen can be considered as a nearly good regimen with few severe side effects.
In Iran, only few studies have evaluated the effects of hybrid therapy on H. pylori eradication. In 2013, Sardarian and colleagues compared the effects of 14-day hybrid regimen vs. 10-day sequential therapy on 420 patients with peptic ulcer disease. The eradication rates achieved by hybrid therapy were 89.5% and 92.9% according to ITT and PP analyses, respectively. 19 Furthermore, in 2015, Metanat and co-workers compared 10-day vs. 14-day hybrid therapy on 270 patients with peptic ulcer disease in Iran. The ITT eradication rates were 77.6% and 86% for 10-day and 14-day regimens, respectively. Also, PP eradication rates were 83.8% and 92.8%, respectively. This study, highlighted the ideal efficacy of 14-day hybrid regimen for H. pylori eradication in Iran. 20 Comparing the results of our study with the two previous studies performed in Iran, the lower rates of H. pylori eradication in our study might have been due to the increasing antibiotic resistance. In Iran, during the previous years, the rate of H. pylori resistance to clarithromycin has increased from 1.4% in 1997 to 14.3% in 2012. Also, the rate of resistance to metronidazole has increased from 33% to 76%. 21, 22 Considering concomitant therapy, no study had previously evaluated concomitant therapy for H. pylori eradication in Iran. Therefore, we cannot compare our results with the same studies in our country.
In other countries, hybrid and concomitant regimens have mostly achieved acceptable H. pylori eradication rates. In 2013, Zullo and others compared the effects of 14-day hybrid regimen with 5-day concomitant therapy on patients with non-ulcer dyspepsia in Italy. The ITT eradication rates were 80% and 85.5%, respectively. Also, PP eradication rates were 85.7% and 91.6%, respectively. In the mentioned study, differences in the eradication rates were not statistically significant.
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In 2014, De Francesco and colleagues compared 14-day hybrid regimen with 14-day and 5-day concomitant therapies in Italy. ITT eradication rates were 82.7%, 86.3%, and 78.1%, respectively. The differences between the eradication rates were not statistically significant between either 14-day hybrid or 14-day concomitant therapies, but the rate achieved by 5-day concomitant regimen was significantly lower than the other two groups.
14 Italy is a country with high resistance rates to antibiotics against H. pylori, similar to our country. 23, 24 The two studies performed in Italy demonstrate a tendency toward decrease in H. pylori eradication rates by hybrid and concomitant regimens. This is similar to the results of studies performed in Iran.
In 2013, Molina-infante and co-workers compared 14-day hybrid regimen versus 14-day concomitant regimen for H. pylori eradication in Spain. The ITT eradication rates were 90% and 91.7%, respectively. Also, PP eradication rates were 92% and 96.1%, respectively. Accordingly, both hybrid and concomitant regimens could achieve ideal eradication rates. 13 In 2015, Molina-infante and colleagues compared the efficacy of optimized (high dose acid suppression) 14-day concomitant therapy with optimized triple therapy in Spain. 24 The eradication rates achieved by concomitant therapy were 90.4% and 93.8% according to ITT and PP analyses, respectively.
Although Spain is also a country with high resistance rates to antibiotics against H. pylori, the results of the latter two studies performed in Spain showed higher eradication rates compared with our results. These differences might have been due to differences in dual or multi-drug antibiotic resistance or the differences in patient selection criteria.
The results of studies performed in Asia are almost the same as the mentioned studies. In 2015, Heo and others compared 10-day hybrid and 10-day concomitant therapies in Korea. The eradication rates achieved by ITT analysis were 78.8% and 78.6%, respectively. Also, PP eradication rates were 89.6% and 89.8%, respectively. Both regimens had similar and acceptable efficacies, but hybrid regimen was better tolerated and had fewer side effects. 25 In 2012, Gisbert performed a meta-analysis of the studies evaluating the effects of concomitant regimen for H. pylori eradication. 19 studies, including 2070 patients were evaluated. The ITT eradication rate was 88%. Furthermore, a tendency toward higher eradication rates with 10-day versus 5-day regimens was observed. 11 Also, in 2014, Lei He and co-workers performed a meta-analysis to compare sequential, concomitant, and hybrid therapies for H. pylori eradication. Ten randomized clinical trials consisted of 3501 patients were included. The ITT eradication rates were 86.7% and 86.6% for the concomitant and hybrid regimens, respectively. PP eradication rates were 89.8% and 92.7%, respectively. This meta-analysis showed no significant difference between the two regimens in terms of H. pylori eradication rates or adverse effects of therapies. 26 Totally, in countries with high antibiotic resistance rates, quadruple non-bismuth therapy (including concomitant, hybrid, or sequential regimens) is a first line option. 15 But the results of our study and the other studies performed in other countries have mostly been borderline (near 90%). It is thought that dual clarithromycinmetronidazole resistance is the weak point in achieving excellent eradication rates by non-bismuth quadruple therapies.
The main limitation of the present study was the unavailability of H. pylori culture. However, the latest study performed in our province (Mazandaran) has reported 30% resistance to clarithromycin, 73.4% resistance to metronidazole, and 6.8% to amoxicillin. 27 The strong point of the present study is being the first study evaluating the effects of concomitant regimen on H. pylori eradication in Iran.
In conclusion, 14-day hybrid regimen can be considered as a nearly acceptable regimen with few severe side effects in Iran. However, it seems that the efficacy of this therapy is decreasing as the resistance rates to antibiotics are increasing. We suggest further studies to assess the efficacy of a more prolonged concomitant therapy for H. pylori eradication in Iran.
